Abstract. Based on the wake model and turbulence theory, Fluent software was used to simulate the fluid flow caused by the wind turbine. Taking a typical low roughness topography as an example, through the analysis of the downstream flow to explore the influence of the wind turbine on the velocity and turbulent kinetic energy within the atmospheric boundary layer. The simulation results show that the wind-turbine wakes enhance the vertical mixing, resulting in changes to the flow. Compared with the original velocity distribution, the wind speed reduced rapid when passing the wind turbine and then increasing gradually, but still can't meet the initial speed at 17 rotor diameters. It is also shown that the distribution of the turbulent kinetic energy after the wind turbines is quite heterogeneous, especially at top-tip level just behind the wind turbines. The turbulent kinetic energy near the turbine increases quickly, and then it decreases with the extension of the downstream.
Introduction
Considering the fast worldwide expansion of wind energy, understanding the interactions between wind farms and the atmospheric boundary layer is important for predicting their performance, quantifying their impacts on local meteorology. Including the wind energy, the original profit of new energy resources is to reduce the consumption of conventional energy and the emissions of pollutants. But every behavior of the transformation of the energy would create some negative effects. Wind farms by capturing wind energy, change the natural circulation, make the wind speed reduced and turbulence intensity increased. The exchange and transform of some physical quantities caused by the turbulence in the atmospheric boundary layer would change the local energy distribution and water vapor exchange, make the wind speed and temperature change [1, 2] . And alter some environment physical parameters, then it may affect the spread and diffusion of the pollutant [3] . HuJu [4] use of RegCM4.1 (Regional Climate Model 4.1) to simulate the long-term climate effects of large scale wind farms in Jiuquan, and obtained the change characteristics of the temperature and humidity in the atmosphere boundary layer of the large wind farm in 30 years. Porté-Agel [5, 6] and Abkar [7, 8] apply LES(large eddy simulation)to study the atmosphere boundary layer flow over the entire wind farm, and use different models to study the influence of wind farm to the atmospheric boundary layer. Wang [9] uses CCM3 (Community Climate Model Version 3) to conduct the experiment, the results show that the wind farm increases the drag force in the low surface and reduces the wind speed, and strengthens the heat exchange between the surface and the atmosphere. Adams thinks wind farms like a block to hinder the flow, by emerging turbulence and reducing wind speed in its wake, it changed the surface flux and heat convection, which have indirect effects on climate. Zhang [10] draws the conclusion by using the wind tunnel, although the overall changes of the surface heat flux caused by wind farm is small, but the uneven space disturbance is obvious, this may affect the momentum, heat and moisture content between atmosphere and surface transportation. And several mesoscale simulations have been performed to estimate large-scale impacts of wind farms, but they do not provide insight into the flow details near the land surface. So there exists important significance in the study of the effect of wind turbine on the atmosphere boundary layer. It is essential to simulate the wind turbine flows in order to reproduce the distribution of the wind speed and turbulence. In this paper, CFD is used to simulate the flow field near the wind turbine, and to analyze the influence of the wind turbine to the atmospheric boundary layer. The obtained results may be used for testing their performance or quantifying their impacts on local meteorology.
The Compute Model and Grid Distribution
The geometric model
Build the wind turbine model of 1.2MW with the GAMBIT software. The rotating flow field is a flat volume which includes blades. Considering the main focus is the downstream flow field of the turbine, so ignore the tower, the flow field is the whole field including the flat volume. The calculate area is simplified to be a cube, stream moving along the Z axis, the turbine plane parallel to the XY plane. The height, width and depth of the cube is 1200m, 300m, 300m, that is 20d×5d×5d, and d is the diameter of the rotor. In order to ensure the coming flow has been fully developed when it reached the wind turbine, the turbine is located at 3d after the entrance. The blade and the hub: assume the blade as rigid, using no slip boundary condition, set it as the rotate solid wall;
The bottom of the flow field: no slip boundary condition, and the surface roughness height is 0.01m;
The side and top of the flow field: symmetry boundary condition.
The flow field around the wind turbine was simulated by the rotating coordinate system, using MRF (Multiple Reference Frame) model, the wind turbine was in a state of uniform rotation, the area around the wind turbine together with the blade and hub rotate with 19.27r/min, the rest of the flow field remain stationary.
The turbine is running at low Reynolds number, and the Mach number is relatively low, so it is possible to simplify the model to a three-dimensional steady and incompressible flow without considering the energy equation. Using SST k-w turbulence model, based on the continuous equations and momentum equations, the coupling between velocity and pressure using SIMPLIC algorithm, and the finite volume method was used for discrete equations, advection schemes using second-order upwind scheme.
The Result and Analysis
Wind turbines operate in the lowest region of the atmospheric boundary layer. And it was the main domain for the material and energy exchange between the earth and atmosphere, the spread and migration of the pollution are also proceeding in it. The main feature of the atmosphere boundary layer is the instability of the velocity and turbulence, the process of the turbulence exchange determines the distribution of the variables of the boundary layer. Thus, a detailed comprehension of the variability of velocity and turbulence within ABL is crucial.
The Distribution of the Velocity
After the airflow pass the rotary turbine, the downstream flow changes greatly due to the hindrance of the turbine to the coming flow, Figure. 2 shows the velocity distribution in different distance after the turbine. It can be seen that the wake state of each section is similar to the outline of the wind turbine from Figure 2 , especially the region just behind the wind turbine, the velocity around the hub declined significantly. As the wind flow down, the area of the wake influenced is expanded, but the spreading rate is dropped, the distribution of the velocity is gradually similar to the coming flow. The velocity at the hub level is gradually increased, but still lower than the coming flow even at the 17 rotor diameters. The specific changes as shown in Figure 3 . Figure 3 shows that the velocity distribution of the entrance is correspond with the wind speed profile, which demonstrate that the wind speed increases exponentially with the height. By comparing the velocity distribution of different section, it can be seen that the central velocity decline greatly when passing the hub; at the region below the hub level, the velocity reduced obviously, so it is the common region where the vortex appeared; up the hub level, though the velocity still reduced, but because the velocity of the coming flow increase with the height, so the recession is slightly smaller compare to the area below the hub level. With the air flow, the upper and lower wake mixed, making the wake speed increased downstream, but it still not reach the coming flow even at the outlet.
The Distribution of the Turbulent Kinetic Energy Turbulent kinetic energy is an important parameter of meteorology, it directly related to the exchange of momentum, heat and water vapor transmission, so it plays an important role in energy balance within the atmosphere boundary layer. Due to the operation of the turbine agitate airflow, the wake produce turbulence, the specific changes shown in Figure. (c) z=10d It can be seen from Figure.4 that at the hub level, the turbulent kinetic energy at the section of 2d shows strong disturbance than the other sections. It suggests that the turbulent kinetic energy increases near the rotation turbine, although the velocity exists decrease. Because the velocity at the hub is 0 m/s, the air mixture around the hub would be more severe, so the turbulent kinetic energy is higher. As the extension of the flow, the influence of the turbine rotation to the turbulent kinetic energy is gradually reduce, the flow is easing gradually, so at the same level, the turbulent kinetic energy at the downstream is lower than the upstream.
As can be seen from Figure. 4, due to the surface roughness is not 0, the speed suddenly increase from the ground to the bottom of rotating impeller in the vertical direction, and the ground turbulent kinetic energy is higher than the adjacent region. The turbulent kinetic energy decreases gradually with the altitude, until it reaches the vicinity at the bottom-tip heights. At the same time, the speed and the turbulent kinetic energy increase suddenly, but because the speed is different in the different radius leaves, the line speed is gradually reduced from tip to hub. Because the surrounding air agitation, the hub speed at a minimum level compared to the blade tip. The mixture is stronger, the turbulent kinetic energy at the hub level is greater. Similarly, turbulent kinetic energy decreased gradually from hub center to the top-tip. But because of the air speed at high altitude is much larger than that at the bottom-tip height, so the turbulent kinetic energy at top-tip is higher than that at bottom-tip. And then, due to the disturbance at the top-tip, the turbulent kinetic energy beyond the turbine would increase accordingly, until reach a certain height and keep unchanged.
Conclusion
Using CFD software combined with the ABL theory and the wind turbine wake theory, by setting the surface roughness, loading velocity distribution function of the boundary layer and simulating the influence of rotating wind turbine to the ABL, we receive the following conclusions:
The velocity decays fastest at the region near the turbine. With the wake turbulence diffusion, wind speed increases gradually, but the increasing rate is gradually slow, and the wake scope expands gradually, but at the section of outlet, the speed is still not reach the incoming velocity.
Due to the effect of the turbine perturbation, the TKE in ABL is also changed. In the near wake region, from the ground to the high altitude, because the effect of wind turbine rotation, the turbulent kinetic energy distribution is chaos; In the far wake region, it is decreased first and then increased; But along with the airflow extension, the turbulent kinetic energy decreased and the change rate is gradually reduced.
In this paper, we use the CFD to link the airflow in the lowest region of the atmospheric boundary layer and the wind turbine operation. It can be used for the optimization of wind engineering design. And it involves the exchange of various physical quantities in downstream of the wind turbine, which could provide a basis evidence to estimate the impact of wind farms on the local environment.
